ABSTRACT Aims/Introduction: The impact of body mass index on mortality among patients with diabetes remains controversial. Therefore, we carried out a meta-analysis of pertinent studies. Materials and Methods: We searched OVID/MEDLINE, EMBASE and Cochrane databases for all reported studies, which investigated the relationship between body mass index and mortality in patients with diabetes. Summary estimates of hazard ratios (HRs) were obtained with a random effects model. Univariate meta-regressions were carried out. Results: A total of 20 studies including 250,016 patients with diabetes were identified. The results of the present study showed a significantly reduced risk of all-cause mortality in overweight patients (HR 0.82, 95% CI: 0.74-0.91, P < 0.0001, and I 2 = 91.6%) as compared with normal weight patients. The survival benefits of obesity were only observed in the elderly patients (HR 0.69, 95% CI: 0.63-0.75, P < 0.0001, and I 2 = 50.4%), but not in the younger patients (HR 1.01, 95% CI: 0.84-1.20, P = 0.96, I 2 = 80.1%). Furthermore, the beneficial prognostic impacts on overweight (coefficient = 0.030, P = 0.041) and obesity (coefficient = 0.032, P = 0.010) were attenuated with clinical follow-up duration.
INTRODUCTION
Obesity is a growing healthcare concern worldwide. Epidemiological studies show that >85% of patients with type 2 diabetes are overweight or obese 1, 2 . The detrimental effects of obesity on metabolism and insulin resistance have been well documented, and obesity is also closely tied to the etiology of type 2 diabetes 2, 3 . Losing weight has been proven to improve insulin sensitivity and metabolic control for overweight or obese patients, and thus has been recommended in the treatment of diabetes 4, 5 . Recently, the phenomenon of the 'obesity paradox,' which refers to a lower risk of mortality for overweight or obese patients assessed by body mass index (BMI), has been reported in a variety of populations, such as patients with cardiovascular disease 6, 7 , heart failure 8 and chronic kidney disease 9 . However, the influence of BMI on mortality among patients with diabetes remains controversial. Although several studies have also shown an inverse correlation of weight with mortality among patients with diabetes [10] [11] [12] , some studies suggest no correlation or a direct correlation 13, 14 . Heterogeneity of the study population, follow-up duration, varied obesity measurements and a limited number of events in some studies are all considered to contribute to the controversy among these studies. Among various obesity measurements, BMI assessment is cheap, simple and widely used across the globe. Therefore, in order to thoroughly appraise the relationship of BMI and the mortality for patients with diabetes, we carried out a metaanalysis of pertinent studies.
METHODS
Two investigators (FG, ZJW) independently searched OVID/ MEDLINE, EMBASE and the Cochrane library databases (Cochrane Central Register of Controlled Trials) for all reported studies, published before December 2014, with English-only citations, which investigated the relationship between body mass index (BMI) categories and mortality in patients with diabetes. The search terms and their synonyms related to bodyweight (e.g., 'obesity,' 'overweight,' 'body weight,' 'body mass index'), diabetes (e.g., 'diabetes mellitus,' 'diabetes,' 'diabetics,' 'hyperglycemia') and relevant clinical end-points (e.g., 'mortality,' 'death,' 'survival rate') were combined with terms related to study design (e.g., 'cohort study,' 'longitudinal study,' 'clinical trial'). We also used the Science Citation Index to cross-reference for studies that met our criteria. Citations were initially screened at the title level, followed by the abstract level and finally were retrieved as full texts. Studies were excluded if they met any one of the following criteria: (i) duplicate publication; (ii) ongoing/unpublished study; (iii) publication only as an abstract or as conference proceedings; or (iv) trials only assessed the BMI as the continuous variable. A flow diagram as to the process of study selection is shown in Figure 1 . The study was carried out according to the guidelines of the Metaanalysis of Observational Studies in Epidemiology Group for the conduct of meta-analyses of intervention studies 15 . The classifications of BMI were based on the World Health Organization's criteria 16 , normal weight as 18.5-25, overweight as 25-30 and obesity as >30. However, the standard categories were not used by some studies. To avoid missing important information, we included the studies in which BMI categories were within 2 kg/m 2 of the standard categories. Studies evaluating the risk of mortality for overweight/obese patients vs normal weight or non-overweight patients were included as well.
Separate analyses were carried out to compare the results for studies with or without standard BMI classifications. The Newcastle-Ottawa scale was used to assess the risk of bias in individual studies 17 . This scale rates studies based on eight criteria. We made a modification by removing the criterion of 'demonstration that outcome of interest was not present at start of study.' The primary outcome of the meta-analysis was all-cause mortality. The secondary outcome was cardiovascular mortality.
Statistical analysis
Individual study hazard ratios (HRs) and 95% confidence intervals (95% CI) were extracted for each article. Summary estimates of HRs were obtained with a random effects model if significant heterogeneity was found (I 2 > 50%). The heterogeneity across the trials was calculated with the I 2 statistic 18 . Sensitivity analyses were examined by excluding one study at a time. Univariate meta-regressions were carried out, and variables included the total number of patients, total number of mortality events, mean age, incident or prevalent diabetes, standard or non-standard BMI classifications and follow-up period. Publication bias was explored by visual inspection of a funnel plot and the Begg and Mazumdar's rank correlation test 19 . Analyses were carried out using the Comprehensive Meta Analysis Version 2.0 (Biostat, Englewood, NJ, USA). The statistical level of significance for the summary treatment effect estimate was a two-tailed P-value <0.05.
Potential relevant studies identified and screened for retrieval n = 1,874 (Papers identified from citations or references: n = 2) studies retried for more detailed evaluation n = 169
Studies excluded n = 1,705 Reasons: non-relevant articles Studies excluded n = 138 Reasons: 1) study population (n = 121) 2) Review or case report articles (n = 17) Studies excluded n = 11 Reasons: 1) outcomes not relevant (n = 6) 2) Not using BMI (n = 3) 3) BMI only as continuous variable (n = 2) Potential appropriate studies to be included in the meta-analysis n = 31
Studies to be included in the meta-analysis n = 20 Table S1 . The follow-up duration of these studies ranged from 2.9 to 16.7 years. The baseline characteristics of the studies are shown in Table 1 .
The results of the present meta-analysis showed a trend toward a lower risk of all-cause mortality for obese patients as compared with normal weight patients, but it did not attain statistical significance (HR 0.87, 95% CI: 0.75-1.01, P = 0.058, I 2 = 91.8%; Figure 2a ). Significant heterogeneities were observed among studies. Sensitivity analysis showed that no individual study unduly influenced the effect estimates. To further investigate the heterogeneity among studies, subgroup analysis was carried out, and it showed that the significantly lower risk of mortality was only observed in the elderly patients (HR 0.69, 95% CI: 0.63-0.75, P < 0.0001, I 2 = 50.4%), as well as in studies with <10 years of clinical follow up (HR 0.78, 95% CI: 0.65-0.93, P = 0.0006, I 2 = 85.5%), but not observed for younger patients and studies with >10 years of follow-up (Table 2 ). In addition, meta-regression analyses also showed that the survival benefit for obese patients was more pronounced along with the increased age, whereas it attenuated as the follow-up duration increased. In obese patients, HR of allcause mortality decreased by 2.5% with increased per-year of age (P = 0.018), whereas it increased by 3.2% with increased per-year of follow-up (P = 0.010; Figure 3 ). No significant modification was observed for the number of patients, number of mortality events, incident or prevalent diabetes and standard or non-standard BMI classifications during meta-regression analysis. No significant publication bias was observed by funnel plots (Begg's test: P = 0.88, funnel plot in Figure 4 ).
In terms of overweight patients, there was a significantly reduced risk of all-cause mortality in comparison with normal weight patients (HR 0.82, 95% CI: 0.74-0.91, P < 0.0001, I 2 = 91.6%; Figure 2b ). Sensitivity analysis showed that no individual study unduly influenced the estimates. Separate analysis showed that the results were consistent across trials except for the follow-up duration ( Table 2 ). The survival benefits of being overweight disappeared among studies with >10 years of clinical follow up (HR 0.97, 95% CI: 0.78-1.21, P = 0.78, I 2 = 95.5%). Meta-regression analysis also confirmed this finding, and it showed no modification of the estimated effect sizes assessed by the number of patients, number of mortality events, mean age, incident or prevalent diabetes and standard or nonstandard BMI classifications. However, HRs of all-cause mortality were raised by 3.0% (P = 0.041) as per-year of follow-up duration increased (Figure 3b ). There was no apparent systematic bias as estimated by funnel plots (Begg's test: P = 0.53, funnel plot in Figure 4) . In further analysis, we included the two studies 10, 19 evaluating the risk of mortality for overweight/ obesity vs normal weight patients, and the results of the meta-analysis remained consistent (HR 0.84, 95% CI: 0.77-0.91, P < 0.0001, I 2 = 91.5%). There were five studies 22, 26, [31] [32] [33] , with 19,643 patients, which evaluated the relationship of BMI and cardiovascular mortality for patients with diabetes. Meta-analysis of these studies showed that overweight patients were associated with 15% reduced risks of cardiovascular mortality compared with those who were normal weight (HR 0.85, 95% CI: 0.74-0.97, P = 0.015, I 2 = 12.9%). However, no significant difference was found for the risk of cardiovascular mortality between obese and normal weight patients (HR 0.95, 95% CI: 0.70-1.28, P = 0.72, I 2 = 69.4%).
DISCUSSION
Although the link between obesity and mortality has been extensively investigated in a variety of clinical conditions, the prognostic value of obesity for patients with type 2 diabetes remains controversial. The present meta-analysis represents the largest data on this topic, including 20 studies of >250,000 individuals, and the results of the present study showed a significantly lower risk of mortality in overweight patients compared with normal weight patients; however, the survival benefits were attenuated with longer follow-up durations. In addition, the beneficial prognostic impact of obesity was only observed among the elderly patients, whereas the discrepancy on age was not found among overweight patients.
The inverse relationship between BMI and mortality as shown in the present study is generally consistent with a prior meta-analysis carried out by Liu et al.
5
, which enrolled nine studies and 161,984 participants. In their study, the relative risks (RRs) of all-cause mortality in overweight (RR 0.81, 95% CI: 0.74-0.90) and obese (RR 0.72, 95% CI: 0.63-0.81) patients with diabetes were also significantly reduced compared with the normal or non-overweight patients. However, some studies only reported the hazard ratio of BMI on mortality, but did not report the events rate [29] [30] [31] [32] [33] , and therefore these studies were not included in the prior meta-analysis. However, the present metaanalysis included all these studies, and we found a wide range of follow-up durations for these enrolled studies. Therefore, we also carried out meta-regression analyses to further investigate the heterogeneity of studies, and we found that the lower risk of mortality for overweight or obesity attenuated with longer follow-up durations. To avoid unintentional or intentional weight loss secondary to diabetes development and diagnosis, several recent studies only enrolled patients with incident diabetes, and they found the inverse relationship of BMI and mortality also existed for incident diabetes 10, 12 . The results from the present meta-analysis confirmed this finding. Separate analysis showed that the survival benefits of overweight remained consistent irrespective of incident or prevalent diabetes (Table 2) .
Notably, subgroup as well as meta-regression analysis in the present study showed that the survival benefits of obesity were more pronounced among elderly patients. In fact, it has been Hazard ratio and 95% CI reported by some prior studies. Zoppini et al. 33 investigated 3,398 patients with type 2 diabetes, followed up for 10 years, and 1,212 deaths occurred during the follow-up period. They found that the obesity paradox was only observed among elderly patients, but not for those younger patients (aged <65 years). Additionally, there were two studies (Weiss et al. 24 and Murphy et al.
11
) that only enrolled elderly patients with diabetes. Weiss et al. 24 showed that BMI was inversely associated with all-cause (RR 0.89, 95% CI: 0.83-0.96, P = 0.002) and cardiovascular mortality (RR 0.83, 95% CI: 0.74-0.93, P = 0.002) among hospitalized elderly patients with type 2 diabetes. Murphy et al.
11 compared the mortality of obesity and normal weight with overweight in the elderly patients with diabetes. They used overweight as the reference, and found an increased risk of mortality among normal weight compared with overweight participants (HR 1.72, 95% CI: 1.12-2.64). One possible explanation is that obesity usually clusters with several cardiovascular risk factors, such as dyslipidemia, hypertension and so on, and these disorders tend to be more frequently developed in elderly patients, even without overweight or obesity 33, 35 . However, in younger patients, these disorders are less frequently observed, and their existence might not be considered as mere confounders, but possible intermediate mechanisms of the obesity-related damage, and therefore the detrimental effects of these disorders might be more apparent among younger patients 33 . Additionally, in younger patients, other factors, such as genetic background, latent autoimmune diabetes in adults and so on might play an important role in the development of diabetes, which might link to poorer prognosis. Third, previous studies suggest muscle mass is inversely associated with insulin resistance 10, 11, 36, 37 , and age-related loss of lean muscle mass could result in a lower bodyweight in elderly patients, and thus contribute to the worse outcome.
Another interesting finding of the present study was the late 'catch-up' phenomenon. We found the survival benefits of overweight and obesity were time-dependent, which were attenuated with time, and eventually, disappeared after 10 years of follow-up. A possible explanation for this decrescendo effect might be related to the underlying chronic disease or frailty, both of which can cause weight loss and elevate the risk of death 13 , and studies with short follow-up duration are more likely to be affected by this problem.
Several limitations of this meta-analysis need to be addressed. First, BMI suffers from the inability to discriminate body fat 51 from lean body mass. Second, individual patient data were not available for the meta-analysis, and therefore, there might be potential variables that cannot be adjusted across studies. Third, the majority of existing studies only provided baseline BMI values, so the influence of weight change during the follow-up period cannot be taken into account. Fourth, standard BMI classifications were not used by some studies, although we carried out a separate analysis for studies with or without standard classification, it might still introduce bias into the results. Fifth, substantial heterogeneity was found in the present meta-analysis; although several attempts have been made to investigate the sources of heterogeneity through various sensitivity analyses and meta-regression, we did not find a simple explanation or method to account for this variability. The inconsistency of follow-up duration across individual studies can partly explain the heterogeneity, but a high level of heterogeneity still exists within different subgroup analyses. Additionally, 6 out of 20 studies in the meta-analysis were unable to determine whether participants had type 2 diabetes or other less common forms of diabetes in adults. However, because the studies were carried out in adults where the vast majority (>95%) of diabetes can be assumed to be type 2, the findings should apply to persons with type 2 diabetes 2 . Finally, only BMI was evaluated in the present analysis. Other modalities associated with bodyweight, including body composition and fitness
, were not included because of insufficient data on these parameters.
In conclusion, the results from the present meta-analysis showed a lower risk of mortality in overweight/obese patients with diabetes compared with normal weight patients, and the beneficial prognostic impact of obesity was more pronounced among elderly patients, but attenuated with longer follow-up durations. However, caution should be taken in interpreting the results, as the design of the present study did not permit any verification of the causal relationship between bodyweight and prognosis in patients with diabetes. To definitively answer this question, prospective randomized controlled studies assessing the survival benefits of supervised weight-control programs across different BMI categories in patients with diabetes are urgently required.
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